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INTRODUCTION 

A common mission module, which provides crew and 
mission supper% functions common to all long term manned 
missions, has been proposed' in order to avoid developing 
a number of different spacecraft. This module would in- 
clude primary structure, atmospheric systems, environmental 
control, power, mission control, guidance and navigation, 
communications, module checkout panels, an airlock/storm 
shelter, living quarters, and life support systems. P r o -  
pulsion and attitude control functions would be supplied by 
separate propulsion modules. 1 

Configuration studies were conducted 2 on this par- 
ticular common module concept. A typical combined function 
module is shown in Figure 1. As a result of these studies, 
and examination of earth orbital, Planetary, and lunar base 
mission requirements, various useful common module derivatives 
were identified. More generally, the common module and its 
derivatives are viewed as a spectrum of modules which can 
satisfy the requirements of all manned missions. The common 
module is not intended t o  be a fixed piece of hardware, even 
though such usage is feasible. Addition o r  deletion of stan- 
dardized options during module assembly to tailor a module f o r  
different uses is part of the proposed concept. The common 
module is analagous to an automobile or truck with optional 
extras. 

BASIC DESIGN REQUIREMENTS 

Feasibility of a common module approach for all manned 
missions is dependent on the ability to satisfy basic design 
requirements which are a result of size and weight constraints, 

I Davis, C. L., London, H. S., and Tschirgi, J. M. - "The Common 
Space Fleet - A Brief Description" - Case 730, Bellcomm Memo- 
randum For File, May 1, 1968. 

'Macchia, D. - "Spacecraft Configuration Studies" - Case 7 3 0  
Bellcomm Memorandum For File, April 2 5 ,  1968. 
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t h e  o p e r a t i n g  envi ronment  , and l i f e t i m e  c o n s i d e r a t i o n s  
O t h e r  m i s s i o n  dependen t  r e q u i r e m e n t s  s u c h  as crew s i z e ,  power 
l e v e l ,  e x p e r i m e n t  s p a c e ,  communicat ions a n t e n n a  ar?d t r a n s m i t t e r ,  
e t c .  a r e  t o  b e  met by  a s s e m b l i e s  of modular  d e r i v a t i v e s ,  o r  by 
t h e  a d d i t i o n  o f  m i s s i o n  p e c u l i a r  modules  or equ ipmen t .  S a t i s -  
f a c t i o n  o f  t h e  b a s i c  r e q u i r e m e n t s  p r o v i d e s  a module t h a t  c a n  
s u p p o r t  men o v e r  a wide o p e r a t i n g  env i ronmen t  and d o e s  n o t  p r e -  
v e n t  a d a p t a t i o n  t o  a v a r i e t y  o f  m i s s i o n s .  

( T a b l e  1). 

COMMON MODULE DERIVATIVES 

A combined m i s s i o n  o p e r a t i o n s / l i v i n g  q u a r t e r s  module 
( F i g u r e  1) i s  s u i t a b l e  f o r  some m i s s i o n s  b u t  i n t r o d u c e s  w e i g h t ,  
volume, and f l o o r  area p e n a l t i e s  i f  u sed  for o t h e r  p u r p o s e s .  
Observe  t h a t  d e l e t i o n  o f  l i v i n g  q u a r t e r s  f e a t u r e s ,  some c o n t r o l  
c o n s o l e s ,  and t h e  a i r l o c k  would c o n v e r t  t h i s  module i n t o  a 
s p a c i o u s  expe r imen t  s h e l l .  A l t e r n a t e l y ,  a l l  c o n t r o l  c o n s o l e s  
c o u l d  b e  d e l e t e d ,  t h e r e b y  f r e e i n g  s p a c e  f o r  a d d i t i o n a l  crewmen. 
O b v i o u s l y ,  t h e  module volume has numerous p o t e n t i a l  u s e s .  En- 
g i n e e r i n g  d e s i g n  and m a n u f a c t u r i n g  p l a n n i n g  c o u l d  p e r m i t  a 
number o f  d i f f e r e n t  module t y p e s  t o  be  d e r i v e d  from a s i n g l e  
b a s i c  module d e s i g n .  

Numerous module t y p e s  or module d e r i v a t i v e s  a re  i d e n -  
These d e r i v a t i v e s  a r e  e s t a b l i s h e d  by  s t a g e s  

A l l  modules have i d e n t i c a l  p r i m a r y  
t i f i e d  i n  T a b l e  2 .  
(or p a t h s )  o f  a s sembly .  

s u p p o r t  s t r u c t u r e ) ;  a tmosphe r i c  and e n v i r o n m e n t a l  c o n t r o l  s y s t e m s ;  
and  a power d i s t r i b u t i o n  network.  
t h e  module i s  a n  empty s h e l l  w i t h  o n l y  t h e  m e t e o r o i d  s h i e l d i n g  
v a r y i n g  t o  s u i t  t h e  i n t e n d e d  m i s s i o n .  Expe r imen t s  c o u l d  b e  housed  
i n  t h i s  empty s h e l l  w i t h  d a t a  h a n d l i n g  s e r v i c e s  and  power s u p p l i e d  
by a n  a d j o i n i n g  module.  A s  o p t i o n s ,  a n  expe r imen t  module c a n  a l s o  
i n c l u d e  i t s  own power s o u r c e ,  p r i m a r y  s p a c e c r a f t  c o n t r o l ,  and  
m i s s i o n  c o n t r o l .  
s i o n  o p e r a t i o n s  from crew l i v i n g  s p a c e  i f  a n  a d d i t i o n a l  l i v i n g  
q u a r t e r s  module i s  p r o v i d e d  on t h e  m i s s i o n .  The l i v i n g  q u a r t e r s  
module would be  d e r i v e d  form an empty s h e l l  by a d d i n g  crew and  
l i f e  s u p p o r t  sys t ems  ( i . e . ,  bunks,  g a l l e y ,  h y g i e n e  a reas ,  e t c . ) ,  
a n d  a power s o u r c e .  

s t r u c t u r e  1 ( i . e . ,  o u t e r  wa l l2 ,  p r e s s u r e  s h e l l ,  i n s u l a t i o n ,  and  

A t  t h i s  p o i n t  o f  a s s e m b l y ,  

T h i s  o p t i o n a l  module assembly  can  s e p a r a t e  m i s -  

Johnson,  C .  E .  - "Weight Estimates o f  Common M i s s i o n  Module 
S t r u c t u r e "  - Case 730 ,  Bellcomm Memorandum For F i l e ,  December 1 4 ,  
1 9 6 7 .  

'The o u t e r  sheet  o f  t h e  o u t e r  wall  may v a r y  i n  t h i c k n e s s  or c o a t -  
i n g  t o  p r o v i d e  d i f f e r e n t  thermal and m e t e o r o i d  p r o t e c t i o n .  
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T a b l e  3 p r e s e n t s  a more d e t a i l e d  l i s t i n g  of t h e  sub-  
s y s t e m s  which may be i n c l u d e d  i n  a common module.  It may a l s o  
be  d e s i r a b l e  t o  p l a n  on subsys t em o p t i o n s .  For example ,  s t r u c -  
t u r a l  s y s t e m s  may or may n o t  i n c l u d e  c i r c u m f e r e n t i a l  d o c k i n g  
mechanisms,  or i n t e r -modu le  d o c k i n g  mechanisms.  It i s  f u r t h e r  
n o t e d  t h a t  a l l  s t r u c t u r a l ,  a t m o s p h e r i c ,  e t c .  s u b s y s t e m s  are n o t  
n e c e s s a r i l y  i n s t a l l e d  s e q u e n t i a l l y  as  i m p l i e d  i n  T a b l e  2 .  Manu- 
f a c t u r i n g  and t e s t i n g  conven ience  d e t e r m i n e  t h e  optimum assembly  
p a t h .  F o r  example ,  e l e c t r i c a l  h a r n e s s e s  would be i n s t a l l e d  a t  
t h e  same t i m e ,  and  l a rge  o b j e c t s  must be i n s t a l l e d  b e f o r e  c l o s i n g  
t h e  p r e s s u r e  s h e l l .  

The p r e c e e d i n g  d i s c u s s i o n  e x p l a i n s  some o f  t h e  p o s s i b l e  
module t y p e s .  S e l e c t i o n  of t h e  most d e s i r a b l e  module t y p e s  (and  
module s i z e )  c a n n o t  be  u n i q u e l y  done here  s i n c e  t h i s  depends  on 
t h e  i n t e n d e d  m i s s i o n s  and l a u n c h  v e h i c l e s .  

EXAMPLE MISSION USE 

The common module d e f i n e d  h e r e i n  would a l l o w  f l e x i -  
b i l i t y  i n  m i s s i o n  s c a l e  a n d  u s e .  A s i n g l e  module,  c o n f i g u r e d  
f o r  m i s s i o n  c o n t r o l  and l i v i n g  q u a r t e r s ,  c o u l d  s u p p o r t  a l u n a r  
base or a s p e c i a l i z e d  e a r t h  o r b i t a l  m i s s i o n  ( i . e . ,  as t ronomy or 
e a r t h  r e s o u r c e s ) .  Two modules (one  f o r  l i v i n g  q u a r t e r s  and  t h e  
o t h e r  for m i s s i o n  c o n t r o l )  c o u l d  s u p p o r t  a p l a n e t a r y  m i s s i o n .  
S e v e r a l  modules would s a t i s f y  t h e  crew s i z e  and  e x p e r i m e n t  s p a c e  
r e q u i r e m e n t s  of a l a r g e  m u l t i - d i s c i p l i n a r y  s p a c e  s t a t i o n ,  ( e . g . ,  
S a t u r n  V l aunched  s p a c e  s t a t i o n ) .  

F i g u r e  2 i l l u s t r a t e s  a t y p i c a l  l a r g e  s p a c e  s t a t i o n  
a s sembled  from t h r e e  common modules .  E x t e r n a l  e x p e r i m e n t s  s u c h  
as a n  as t ronomy f a c i l i t y  and an ea r th  s e n s o r  package  a re  a t  op- 
p o s i t e  s t a t i o n  ends  and a r e  a c c e s s i b l e  from t h e  common modules .  
An unmanned s a t e l l i t e  s e r v i c e s  hanga r  i s  a l s o  shown a t  t h e  e a r t h  
s e n s o r  s t a t i o n  end .  T h e s e  e x t e r n a l  e x p e r i m e n t s  a r e  c o n t a i n e d  
w i t h i n  l a u n c h  v e h i c l e  i n t e r s t a g e  s t r u c t u r e s .  The common modules  
a t  t h e  s t a t i o n  ends  p r o v i d e  l i v i n g  q u a r t e r s ,  p r i m a r y  s p a c e c r a f t  
c o r l t r o l ,  power,  and e x t e r n a l  e x p e r i m e n t  c o n t r o l  f o r  t h e  a d j o i n i n g  
e x t e r n a l  e x p e r i m e n t s .  Data  ha f id l ing  and communicat ions equipment  
c o u l d  be i n  e i t h e r  end module (or d u p l i c a t e d ) .  The  c e n t e r  module 
Is a n  expe r imen t  s h e l l  which t aps  power from t h e  end modules .  
Module dock ing  p o r t s  a l l o w  u s e  of m u l t i p l e  l o g i s t i c s  s p a c e c r a f t  
a n d  e l i m i n a t e  t h e  need  for a separa te  d o c k i n g  adap te r .  Note t h a t  
e x p e r i m e n t  c o n t r o l  i s  d i s t r i b u t e d  between modu les .  ( T h i s  a v o i d s  a 
s p e c i a l  c o n t r o l  m o d u l e . )  

The modular  space  s t a t i o n  has s e v e r a l  s a f e t y  f e a t u r e s .  
P r imary  s p a c e c r a f t  f u n c t i o n s  a re  d u p l i c a t e d  i n  t h e  end modules  i n  
a d d i t i o n  t o  l i v i n g  q u a r t e r s  and power.  I n  t h i s  way m a j o r  module 
f a i l u r e s  a re  i s o l a t e d  from o t h e r  modules .  A m i s s i o n  would be  
degraded ( i . e . ,  r e t u r n  or some crewmen, l e s s  power,  s h o r t e r  m i s -  
s i o n  t i m e ,  l o s s  of  some expe r imen t  c o n t r o l ,  e t c . )  b u t  n o t  a b o r t e d  
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C O N T I N U I N G  STUDIES 

Common module weight  and s i z e  p a r a m e t e r s  w i l l  b e  d i s -  
c u s s e d  i n  o t h e r  p a p e r s .  And f i n a l l y ,  t h e  a b i l i t y  o f  v a r i o u s  
s i z e  common modules  t c  s u p p o r t  a s p e c t r u m  of  manned m i s s i o n s  
w i l l  b e  examined.  The i n t e n t  o f  t h i s  e f f o r t  i s  t o  illustrate 
t h e  f l e x i b i l i t y  o f  a common module a p p r o a c h .  S u p p o r t i n g  s t u d i e s  
which examine c r i t i c a l  a s p e c t s  of c o n c e p t  f e a s i b i l i t y  are  also 
i n  progress o r  p l a n n e d .  

1013 -DM-pap D .  Macchia  



TABLE 1 

BASIC DESIGN REQUIREMENTS 

SIZE AND WEIGHT CONSTRAINTS: 

1. Module d i a m e t e r  s h a l l  be  c o m p a t i b l e  w i t h  T I I I M ,  I N T  2 0 ,  
I N T  2 1 ,  SIB,  or S V  l a u n c h  v e h i c l e s .  Maximum module 
d i m e n s i o n s  w i l l  be e s t a b l i s h e d  by T I I I M  hammerheading 
l i m i t s  or SLA p a c k a g i n g  l i m i t s .  

Module we igh t  f o r  a t  l ea s t  a 2 man - 1 y e a r  l u n a r  b a s e  
i s  t o  be  c o m p a t i b l e  w i t h  t h e  l a n d e d  l u n a r  w e i g h t  l i m i t  
o f  a s t a n d a r d  SV. An a r b i t r a r y  p a y l o a d  i n  e x c e s s  of 
1 0 , 0 0 0  l b s .  i s  t o  be i n c l u d e d  i n  t h e  l a n d e d  w e i g h t .  

Module we igh t  for a t  l e a s t  a 2 man - 2 y e a r  o r b i t a l  
s p a c e  s t a t i o n  s h o u l d  n o t  exceed  t h e  minimum p a y l o a d  
c a p a b i l i t y  of a T I I I M  t o  low e a r t h  o r b i t .  P r e f e r a b l y  
some p a y l o a d  margin  for a manned l a u n c h ,  e x p e r i m e n t s  
a n d / o r  a p r o p u l s i o n  module i s  d e s i r a b l e .  To a c h i e v e  
t h e s e  g o a l s ,  expendab le  o f f l o a d i n g  may b e  c o n s i d e r e d .  

2. 

3 .  

OPERATIONAL ENVIRONMENT: 

1. The common module s h a l l  o p e r a t e  i r ?  t h e  env i ronmen t  
be tween . 5  arid 2 . 0  A . U .  o f  t h e  s u n .  T h i s  e n v i r o n m e n t  
i n c l u d e s  e a r t h ,  Mars, Venus, and l u n a r  o r b i t  and  t h e  
l u n a r  s u r f a c e .  F u r t h e r m o r e ,  i t  i s  d e s i r a b l e  t h a t  t h e  
v e h i c l e  b e  c a p a b l e  of o p e r a t i o n  t o  .25 A . U .  and  t h r o u g h  
t h e  a s t e r o i d  b e l t  for t imes  and on t r a j e c t o r i e s  d i c -  
t a t e d  by p a r t i c u l a r  m i s s i o n s .  

2. The common module s h a l l  be c a p a b l e  of  o p e r a t i o n  a t  a n y  
n a t u r a l  or i nduced  g r a v i t y  between z e r o  and one  e a r t h  
g r a v i t y .  
o p e r a t  i o n .  

T h i s  i n c l u d e s  c o m p a t i b i l i t y  w i t h  s p i n  mode 

3 .  Guidance and n a v i g a t i o n ,  communica t ion ,  and  da ta  hand-  
l i n g  equ ipmen t s  shou ld  be  a d a p t a b l e  for m u l t i p l e  m i s s i o n  
u s e  t o  m i n i m i z e  m i s s i o n  p e c u l i a r  equ ipmen t .  

LIFETIME CONSIDERATIONS: 

1. The d e s i g n  l i f e t i m e  for common module s u b s y s t e m s  s h a l l  
be  a t  l e a s t  2 years .  

The common module s h a l l  b e  c a p a b l e  of  o p e r a t i o n  i n d e p e n -  
d e n t  o f  e x t e r n a l  s u p p o r t  f o r  a t  l e a s t  2 y e a r s .  

2. 
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TABLE 3 ( *  = optional) 

Structural Systems: 

outer wall (includes integral radiator, variable 
thickness meteoroid protection, and wall ports) 

pressurized internal shell (with wall ports and 
floor hatches) 

insulation 

s upp ort s t ruc t ur e 

airlock* 

circumferential docking mechanisms* 

inter-module tunnels* 

inter-module docking mechanisms* 

inter-module tunnels for harnesses and power cable 

Atmospheric and Environmental Control: 

ducting and fans 

atmospheric supply tankage and plurnbing 

atmospheric regeneration equipment 

environmental control (and plumbing to outer wall 
radiators) 

instrumentation panel and harness (sensors and control) 

Power Distribution: 

power distribution cable and taps 

inter-module power umbilical* 

Power Source: 

isotope heat source and reentry vehicle (installed on 
launch pad)* 

power conversion units* 

conditioning units* 

thermal control (with plumbing to outer wall radiators)* 
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T a b l e  3 ( C o n t i n u e d )  

p e a k i n g  b a t t e r i e s  * 
i n s t r u m e n t a t i o n  p a n e l  and  h a r n e s s  
c o n t r o l . )  * 

( s e n s o r s  and  

P r i m a r y  S p a c e c r a f t  C o n t r o l  : 

minimum gu idance  and c o n t r o l  ( a b i l i t y  t o  c o n t r o l  
a t t i t u d e ) *  

minimum COmmUniCations t o  ground (low da ta  
r a t e  or v o i c e ) "  

i n t e r - m o d u l e  communicat ions* 

i n t e r - m o d u l e  subsys tems c o n t r o l  h a r n e s s "  

M i s s i o n  C o n t r o l :  

d a t a  h a n d l i n g  systems* 

communicat ions ( h i g h  da ta  r a t e ) *  

s i m u l a t i o n  c e n t e r  ( c r i t i c a l  crew s k i l l s ) *  

g u i d a n c e  and  n a v i g a t i o n *  

in t e r -modu le  h a r n e s s e s *  

Exper iment  S u p p o r t :  

expe r imen t  c o n t r o l  p a n e l s *  

s u p p o r t  s t r u c t u r e  and  a r c h i t e c t u r a l  m o d i f i c a t i o n s *  

s p e c i a l  p r o v i s i o n s *  
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F i g u r e s  1 and 2 o f  "The Common M i s s i o n  Modu le -Desc r ip t ion  

and Use," Case 730,  Bellcomm Memorandum for F i l e ,  d a t e d  

<Tune 1 4 ,  1968 were i n c o r r e c t l y  d u p l i c a t e d .  

f i g u r e s  a r e  fo rwarded  for improved l e g i b i l i t y .  

The a t t a c h e d  

1 0 1 3 - DM-nma 

At tachments  

D.  Macchia 
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